twofold increased risk of suicidal ideation relative to the general population (12) .
Despite a wealth of existing literature, several areas of uncertainty remain in understanding the risks of benzodiazepines. One area of controversy concerns the risks for individuals already using benzodiazepines long term. Although clinical guidelines discourage prescribing of benzodiazepines beyond several weeks (13) , 30% to 40% of individuals with COPD who receive benzodiazepines use them on a longterm basis (14, 15) . Among individuals with long-term use, there may be a survival bias; those not having an immediate complication may be less susceptible to future adverse events (16) . Discontinuation of benzodiazepines among those with longterm use raises concerns of withdrawal, and discontinuation is likely to be challenging to implement (17) . Before resources are devoted to such an endeavor, a more complete understanding of the risks of longterm use is necessary. However, with the exception of one case-control study that found an association between long-term benzodiazepine use and respiratory failure among patients with COPD (6) , no studies have examined risks specifically among patients with COPD who receive long-term therapy (18) . Furthermore, the risks of accidental overdose and suicide related to long-term benzodiazepine use are also unknown, as prior studies have focused on short-term use or have not distinguished between short-and long-term use (10, 11, 19) .
Another area of uncertainty relates to the use of benzodiazepines to treat dyspnea. Although convincing evidence linking benzodiazepines to dyspnea reduction is lacking (20) , benzodiazepines are frequently used to palliate symptoms among individuals with severe COPD symptoms (21) . As a result, the relationship between use of benzodiazepine medications and poor outcomes in COPD may be confounded by the use of benzodiazepines to treat dyspnea. As dyspnea is associated with mortality, nonfatal respiratory events, and suicidal ideation (22) (23) (24) , it is important that this confounding is addressed. One strategy to reduce confounding is to examine risks of benzodiazepines in a sample of patients who are likely to be prescribed benzodiazepines to manage nonrespiratory symptoms, and patients with comorbid post-traumatic stress disorder (PTSD) provide one such opportunity. PTSD is present in 6% of the general population (25) , and symptoms of PTSD are found in up to 40% of those with COPD (26) . Individuals with PTSD frequently have symptoms of anxiety and insomnia that prompt therapy with benzodiazepines, and almost 25% of patients with PTSD receive benzodiazepines-many long-term (27) .
Our main goal is to better understand the risks associated with long-term benzodiazepine use. To assess these risks among a population enriched in nonrespiratory indications for benzodiazepines, the current study used a nationwide cohort of patients with comorbid COPD and PTSD identified from Veteran's Health Administration (VA) administrative data. Specifically, we assessed the risk of all-cause mortality among patients with long-term benzodiazepine exposure compared with propensitymatched patients who did not receive benzodiazepines. Given potential risks of benzodiazepine-related respiratory depression and psychological distress, we included cause-specific mortality due to obstructive lung disease, accidental overdose, and suicide, and the nonfatal outcomes of COPD exacerbations and psychiatric hospitalizations as secondary outcomes. We hypothesized that long-term benzodiazepine exposure would be associated with greater risks of these negative outcomes. To gain a more comprehensive understanding of the risks posed by benzodiazepines, we also evaluated the association of mortality with days' supply of benzodiazepines, days' supply of long-acting agents, dose of benzodiazepines, and concomitant opioid use. (28) . The date of the second qualifying COPD diagnosis was defined as the index date. Patients also needed at least one ICD-9-CM diagnosis of PTSD (309.81) in the year before index. We excluded patients enrolled in hospice, aged younger than 40 years, and without full data for propensity scores.
Methods
We defined long-term benzodiazepine exposure as filled prescriptions of 90 or more consecutive days' supply of an oral benzodiazepine during the 180 days before index (14) . We ascertained exposure before index to avoid immortal person-time bias (29) . We quantified benzodiazepine prescribed dose in terms of daily diazepam equivalents (30) .
We calculated propensity scores for long-term benzodiazepine exposure using a logistic regression model that incorporated the 44 variables in Table 1 . We chose variables hypothesized to influence likelihood of benzodiazepine exposure, mortality, and our secondary outcomes. The variables used included demographics, medical and mental health comorbidities, medications, and healthcare use documented in the year before index. For secondary analyses, we used the same variables to calculate propensity scores for any benzodiazepine use and opioid use.
Our primary outcome was all-cause mortality in the 2 years after index among propensity-matched Veterans with longterm use relative to those without use. We assessed causes of death in secondary analyses. Specifically, we evaluated risk of death related to chronic obstructive respiratory diseases (J40-J47), suicide (U03, X60-X84, Y87.0), and accidental overdose (X40-49). We ascertained vital status and cause of death from the VA Vital Status Files and the VA/Department of Defense Suicide Data Repository, which includes National Death Index data (31) . The National Death Index is based on state-mandated death certificates and is considered the "gold standard" for mortality ascertainment (32) . Secondary analyses also assessed the risk of medical and psychiatric hospitalizations and COPD exacerbations during the 2 years after index. We captured inpatient COPD exacerbations as hospitalizations with either a primary diagnosis of COPD or respiratory failure with a secondary diagnosis of COPD, and defined outpatient exacerbations as visits with a qualifying ICD-9-CM diagnosis ORIGINAL RESEARCH and concomitant respiratory antibiotic or glucocorticoid prescription (33) .
Statistical Analysis
To ensure covariate balance (34), we propensity matched patients with long-term benzodiazepine exposure to those with no exposure, and we excluded individuals with short-term exposure (,90 consecutive days' supply) from the propensity-matched analysis. We matched using a caliper width of 0.2 standard deviations (SDs) of propensity score logit without replacement using closest distance within caliper. A histogram of propensity score distribution is included as Figure E1 (see online supplement). We used Cox proportional hazard models clustered by site to assess the overall mortality risk of long-term benzodiazepine use among matched patients. To account for competing risks, cause-specific mortality (chronic obstructive respiratory diseases, suicide, and accidental overdose) was estimated with adjusted subhazard ratios using the Fine and Gray method (35) . The incidences of nonfatal events (outpatient COPD exacerbations, inpatient COPD exacerbations, medical hospitalizations, and psychiatric hospitalizations) were compared using negative binomial regression.
In the propensity-matched sample, we also performed secondary analyses to assess overall and cause-specific mortality risks by characteristics of long-term benzodiazepine exposure, including days' supply, dose (in diazepam equivalents), days' supply of longacting agents of benzodiazepines (diazepam, chlordiazepoxide, and flurazepam), and days' supply of concurrent opioids, using statistical approaches described above (36) . To assess outcomes more proximal to the timing of exposure, we also performed a sensitivity analysis where we limited our assessment of mortality to 6 months instead of 2 years.
Finally, given the potential bias of only including propensity-matched individuals in our analyses (37), we performed a secondary nonmatched propensity-adjusted analysis of mortality risk among all patients for whom a propensity score could be calculated. We compared outcomes of those with no benzodiazepine use to those with short-term use (,90 days' supply of benzodiazepines) and long-term use (>90 d), and we adjusted analyses by propensity score for any benzodiazepine exposure. Definition of abbreviations: % bias = standardized percentage bias; BMI = body mass index; COPD = chronic obstructive pulmonary disease; ED = emergency department; ICS = inhaled corticosteroid; LABA = long-acting b-agonist; LAMA = long-acting muscarinic antagonist; MAOI = monoamine oxidase inhibitors; OSA = obstructive sleep apnea; SC = service connected; SD = standard deviation; SNRI = serotonin norepinephrine reuptake inhibitor; SSRI = selective serotonin reuptake inhibitor; TCA = tricyclic antidepressant. Data presented as n (%) unless otherwise noted. P values obtained from chi-square test and Student's t test for categorical and continuous variables, respectively.
ORIGINAL RESEARCH
For all Cox or Fine-Gray models, the proportional hazards assumption was met (28) . All analyses were performed using the STATA statistical package (version 14).
Results
From 2010 to 2012, we identified 46,039 patients with diagnoses of COPD and PTSD who were alive on the index date and were not enrolled in hospice. Of these, 3.2% (n = 1,484) were excluded as a result of either age younger than 40 years or the absence of covariate data. Of the remaining 44,555 patients, we then evaluated benzodiazepine use in the 180 days before index and identified 29,237 patients who had no benzodiazepine use, 4,782 patients who had short-term use (,90 days' supply), and 10,536 patients who had long-term use (>90 d). In the propensity-matched sample, 9,776 (33.4%) of eligible patients without use and 9,776 (92.8%) of those with long-term use had sufficient overlap in propensity scores to be matched (Figure 1 ). Sample characteristics in variables used for propensity matching are included in Table 1 . Overall, both groups in our propensity-matched sample were predominantly male (96%), older (62.5 yr), and white (89%), with a significant burden of medical (57% with Charlson score > 2) and mental health comorbidities.
At the end of the 2-year follow-up period in the matched sample, there were 849 deaths among those with long-term benzodiazepine use and 804 deaths among those without such use (Figure 2 ). Risk of all-cause mortality was not significantly different among those with long-term benzodiazepine use relative to those without use (HR, 1.06; 95% CI, 0.95-1.18; Table 2 ), and the specific relative risks of death related to obstructive lung disease and accidental overdose were also not different. There was, however, a substantially greater risk for death by suicide among those with longterm benzodiazepine use (HR, 2.33; 95% CI, 1.14-4.79; Table 2 ). The incidence of COPD exacerbations and medical hospital admissions did not differ between matched patients with and without exposure to longterm benzodiazepines. Individuals with long-term benzodiazepine use did, however, have a higher rate of psychiatric admissions (incidence rate ratio, 1.37; 95% CI, 1.14-1.65; Table 3 ).
Among propensity-matched patients with long-term benzodiazepine use, we then assessed fatal outcomes associated with characteristics of benzodiazepines used and the effect of concomitant opioid use. We found the use of long-acting benzodiazepines was positively associated with suicide (HR for every 10 days of exposure, 1.07; 95% CI, 1.01-1.13). We found higher prescribed dose to be associated with increased risk of accidental overdose (HR for every 10 mg of diazepam equivalents, 1.19; 95% CI, 1.07-1.31). We also found that concomitant opioid use was associated with increased risk of overall mortality (HR for every 10 days of exposure, 1.02; 95% CI, 1.01-1.02) and accidental overdose (HR, 1.11; 95% CI, 1.04-1.18; 
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In a sensitivity analysis among the propensity-matched sample, we assessed mortality risks at 6 months. Except for death by accidental overdose, point estimates for risk at 6 months were similar to those at 2 years and were not significant (Table E2) .
Finally, we performed a secondary analysis of the risk of overall and causespecific mortality among all 44,555 patients for whom a propensity score for any benzodiazepine use could be calculated (Table E1) . We adjusted all analyses by propensity score for any benzodiazepine exposure and did not perform matching. 
Discussion
Among patients with COPD and PTSD, we did not find that long-term benzodiazepine use posed a greater risk of all-cause mortality, death due to obstructive lung disease, death due to accidental overdose, or COPD exacerbations relative to no use of benzodiazepines. In contrast, short-term benzodiazepine use was associated with increased mortality risk in analyses with unmatched patients. The most striking and consistent association noted in our analysis was a link between benzodiazepine use and increased risk of suicide. Similar to prior work (38), we also found concomitant opioid exposure to be associated with mortality and accidental overdose among those with long-term benzodiazepine use.
Our findings with respect to the respiratory risks of long-term benzodiazepine use are contrary to those from a prior case-control study that linked long-term benzodiazepine use among patients with COPD with a substantial increase in respiratory failure (6) . Given the frequent use of benzodiazepines for dyspnea in end-stage COPD (21, 39) , the disparate results may stem from our restriction to individuals with comorbid PTSD, patients who commonly use benzodiazepines for nonrespiratory indications (27) . Sample restriction to groups with common indications is an important tool in pharmacoepidemiology to reduce the risk of confounding by indication (40) . In addition to restriction, our use of propensity matching may have allowed for better control of measured confounders. It is also possible that underlying susceptibility to benzodiazepine medications may differ between our U.S. Veteran population and the Taiwanese general population sampled in Chen and colleagues (6) .
In contrast to the findings related to long-term benzodiazepine use, we found short-term benzodiazepines to be associated with mortality. Our findings related to the risks of short-term use track with prior findings. For instance, among patients with COPD in Ontario, Vozoris and colleagues found newly prescribed benzodiazepines had an increased risk of exacerbations relative to propensity-matched patients without exposure (8) . Moreover, among patients with COPD starting oxygen therapy in Sweden, Ekström and colleagues found an increased risk of death (HR, 1.2) with shortterm benzodiazepine use relative to nonusers (7) . Our findings would suggest a Figure 2 . Survival in the propensity-matched sample. Kaplan-Meier curves represent survival among those with long-term benzodiazepine use and no benzodiazepine use from propensity-matched sample. P value refers to log-rank test assessing risk of death according to group status.
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greater risk among patients with new or lessfrequent exposure, potentially due to a lack of tolerance to benzodiazepines (41) . It is worth noting that the associations with short-term use were found in analyses with unmatched patients and may be confounded by the specific episodic reasons for shortterm benzodiazepine use, such as acute illnesses not captured in our data. In addition, short-term use could stem from patient-specific factors, such as frailty, that prompted clinicians to limit benzodiazepine duration. Such possible avenues for unmeasured confounding could be responsible for the observed risks related to short-term use, especially given the relatively small effect sizes of risk (HR for mortality, 1.16; 95% CI, 1.05-1.28) (42) .
A strong and robust finding in our results relates to the association of shortand long-term benzodiazepine use with suicide. Similar to other estimates of the suicide rate within the Veteran population (0.3 per 1,000 person-years) (43) , the rate of suicide among those without benzodiazepine use (0.4-0.5 per 1,000 person-years; Tables 2 and 5) in our sample was greater than the rate in the civilian population (0.1 per 1,000 person-years) (44) . However, the risk of suicide was substantially greater among those with short-and long-term benzodiazepine use (1.1 per 1,000 person-years; Tables 2 and 5 ). It is worth acknowledging that because of difficulties in assessing intent, death due to suicide as documented in death certificates may be misclassified (45); in particular, there is concern that suicides may be incorrectly documented as accidental overdoses, and vice versa. Some of this concern is attenuated by the observation that a majority of suicides in each group were not related to intentional poisonings (n = 7, 78% no use; n = 14, 62% long-term use). The association of benzodiazepines with suicide risk has been noted previously among patients with mental health disorders such as major depression and schizophrenia (11, (46) (47) (48) . Our findings suggest long-acting agents may pose a particular risk for suicide, a finding that may relate to the sustained half-life of medication or the more severe and sustained mental health symptoms that prompt the use of long-acting agents. Benzodiazepines may mediate suicide risk by disinhibiting selfinjurious behavior and augmenting selfdirected aggression (10, 47, (49) (50) (51) . Alternatively, the association may be due to confounding by indication; individuals with mental illness are more likely to have insomnia and anxiety-related complaints, and these individuals may be more likely to attempt and commit suicide (19) . Although our study does not eliminate this concern, our use of propensity matching and our restriction to a specific population further reduces confounding by indication (40) . As mental health comorbidities and suicidal ideation are more common among patients with COPD than the general population (12, 52, 53) , caution should be exercised to avoid further increasing suicide risk in this vulnerable population. Among patients with PTSD, additional mental health comorbidities such as depression are also common (35-55%) (54, 55) . The overlap and relationships between mental health disorders and COPD, including the overlap Definition of abbreviations: CI = confidence interval; COPD = chronic obstructive pulmonary disease; IRR = incidence rate ratio. IRRs for each outcome calculated using negative binomial regression. Significant ratios in bold typeface. Definition of abbreviation: CI = confidence interval. Significant odds ratios in bold typeface. Odds ratios arise from logistic regression models assessing outcomes at 2 years. Logistic regression was used in lieu of proportional hazard models because the proportional hazards assumption was violated. *Adjusted models included propensity score for long-term benzodiazepine exposure as a covariate. † Adjusted models included propensity score for opioid use as a covariate.
with PTSD, are emerging topics of interest and are reviewed in detail elsewhere (56, 57) . Our study has several potential limitations. As a study using nationwide administrative data, we did not have access to spirometry and therefore are limited in our ability to confirm the presence and severity of airflow limitation. We are also limited in our ability to capture other measures of COPD severity, such as oxygen use. It is possible that this lack of ascertainment led to residual confounding; however, our use of multiple proxies for COPD risk and severity, such as data related to medication use, exacerbations, and hospitalizations, helps to at least partially address this concern (28). Similarly, it is possible that we incompletely ascertained severity of PTSD and other mental illnesses, which would also lead to residual confounding. However, even if benzodiazepines are simply associated with suicide because they are used to treat severe symptoms, benzodiazepine use could still be a useful marker for clinicians and health systems to identify patients at greater suicide risk. Our use of propensity matching, although potentially easing interpretation of our findings, excluded a large number of patients, and this may have unnecessarily limited our power. However, when our survival analyses were repeated using the entire sample and propensity score as a covariate, the estimated risks for those with long-term use closely resembled those obtained from the propensity-matched cohort. Given that our sample consisted of patients receiving care in the VA, current results may not generalize to non-Veterans or Veterans who receive non-VA health care. It is also possible that the focus on another mental health comorbidity of COPD, such as generalized anxiety disorder or depression, may have yielded different results. Finally, prescription data were limited to VA outpatient prescription fills and did not directly measure true medication adherence. Medications and medical care that patients received outside of the VA would not be captured by the current analysis. However, the vast majority of patients were more than 50% service connected and therefore had a strong financial incentive to use VA services exclusively (58) . These limitations are offset by substantial strengths, including complete pharmacy records and complete assessment of the outcome of interest, mortality, which together dramatically decrease the risk for bias. Furthermore, our inclusion of all VA patients nationwide with COPD and PTSD allows for full representation of a geographically dispersed and heterogeneous population and a high level of generalizability to Veterans with COPD and PTSD.
Overall, our results identify a strong risk of suicide associated with benzodiazepine use among patients with COPD, and we did not identify an association between longterm benzodiazepine use and overall mortality, death due to lung disease, or COPD exacerbations in a sample enriched in nonrespiratory indications for benzodiazepines. In contrast to the findings with long-term use, short-term benzodiazepine exposure was associated with overall mortality. Our results do not suggest that discontinuation of long-term benzodiazepines would reduce overall mortality or death related to obstructive lung disease or overdose. However, providers should consider discontinuing benzodiazepines among patients already at high suicide risk and should also avoid concomitant opioid use. Furthermore, providers should be aware of the risks that new benzodiazepine prescriptions may present to patients with COPD and PTSD without prior exposure to these medications. n Author disclosures are available with the text of this article at www.atsjournals.org. Definition of abbreviation: CI = confidence interval. Mortality rate is presented as deaths per 1,000 person-years. Hazard ratio for overall mortality calculated using Cox proportional hazards. Models included propensity score for any benzodiazepine exposure as a covariate. Significant hazard ratios in bold typeface. *Subhazard of each specific cause of death performed using Fine-Gray models incorporating competing risk due to death from other causes.
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